Removal of one kidney changes the structure and function of the remaining kidney. Enlargement of both glomerular and tubular components increases the size of the remaining kidney. Changes in glomerular haemodynamics following uninephrectomy in the rat include increased glomerular capillary pressure, elevated transcapillary hydraulic pressure and increased glomerular filtration rate per nephron [1, 2] .
Insulin-dependent diabetes mellitus in man causes increased renal size and elevated glomerular filtration rate [3] . Diabetic rats also have large kidneys with enlarged glomeruli and tubules [4] . Further, micropuncture studies performed shortly after the onset of diabetes in rats demonstrate alterations in glomerular haemodynamics closely resembling those which follow uninephrectomy [5] . Studies showing acceleration of diabetic glomerulopathy in rats following uninephrectomy [6] and with hypertension [7] indicate that haemodynamic perturbations can modulate the rate at which the secondary complications of diabetes become manifest in the kidney.
We have shown previously, in rats diabetic for 7 months, that successful islet transplantation results in reversal of established glomerular lesions including increased volume of the mesangium and mesangial immunoglobulin and complement localization [8, 9] . Furthermore, although glomerular basement membrane (GBM) thickening persists following islet transplantation [10] , the increased urinary albumin excretion of diabetic rats returns to normal [11] .
In the present studies, we examined the effect of islet transplantation on the accelerated diabetic glomerulopathy of uninephrectomized diabetic rats.
Methods

Animals
Inbred male Lewis rats (Simonsen Laboratories, Gilroy, California, USA) were made diabetic at 44 days of age with 65 mg/kg of streptozotocin (a gift of Upjohn, Kalamazoo, Michigan, USA) [9] . Diabetes was confirmed by the development of persistent, non-fasting plasma glu-0012-186X/82/0023/0347/$01.40 Values expressed as mean _+ SD. NS = Not significant. Islets were transplanted after 7 months of diabetes cose levels in excess of 22 mmol/1 and ranging as high as 46 mmol/l. At 53 days of age, diabetic and untreated age-matched control rats were uninephrectomized. Seven months after induction of diabetes, a group of the uninephrectomized-diabetic rats received an intraportal transplant of neonatal pancreatic tissue [12] . Morphological studies were performed on renal biopsies obtained at the time of transplant (7 months after streptozotocin administration) and 2 months later (9 months after streptozotocin administration) from the following groups of animals: (a) uninephrectomized-diabetes, non-transplanted; (b) uninephrectomized-diabetes, transplanted; and (c) uninephrectomized-control, non-diabetic. For clarity, we present, primarily, data from the post-transplant biopsies indicating, when appropriate, differences in the results between the pre-and post-transplant samples. All animals were maintained on rat chow and water ad libitum throughout the experiment.
Plasma Measurements
Glucose was measured by a glucose oxidase method on a Beckman glucose analyzer (Beckman Instruments, Fullerton, California, USA). Insulin was estimated by a double-antibody radioimmunoassay with the first antibody raised in a guinea pig. Rat insulin (Novo Industri, Copenhagen, Denmark) was used as the standard. The lower limit of detection was 5 mU/1. The interassay coefficient of variation was 10%.
Preparation of Tissue
Immediately after procurement, renal tissue for determination of glomerular volume and for immunofluorescent microscopy was snap frozen in isopentane precooled in liquid nitrogen. For electron microscopy, kidney tissue (1-2 mm cubes) was fixed, processed and evaluated as described previously [8] and outlined briefly below.
Immunofluorescent Microscopy
Freshly cut, frozen sections were stained with monospeciflc fluorescein-labelled antibodies for rat IgG and C3 [9] . The intensity of mesangial staining was graded blindly on an arbitrary scale of 0 (no immunofluorescence) to 4 + (very bright fluorescence throughout the mesangium).
Qualitative Electron Microscopy
Tissues compared included those from the uninephrectomized-diabetes, non-transplanted, uninephrectomized-diabetes, transplanted, and uninephrectomized-control, non-diabetic rats and from previously studied age-matched, intact control rats [8] . Photomicrographs were examined blindly by one of the investigators (RLV), and a description of abnormalities seen was recorded.
Quantitative Studies
Glomerular volume: A Reichert projecting microscope (magnification x 540) with a clear acetate sheet containing a series of concentric circles, calibrated in ~tm and arrayed as described by Saltikov [13] was used to determine mean glomerular diameters. By utilizing the appropriate coefficients and equations, the distribution of glomerular diameters permits estimation of mean glomerular volume for each biopsy [13] . A mean of 107 profiles (range 70-122) was measured in each biopsy.
Fractional and absolute volumes of glomerular components: Ten to
20 random photomicrographs (approximately x 20,000) of each glomerulus were obtained by the technique described previously [8] . An 80-point grid was placed over each electron micrograph to determine the proportion of points falling on several components of the glomerulus [14, 15] . A total of at least 2,000 points on two to four glomeruli were evaluated per biopsy specimen (mean, 2,930; range, 2,1464,412). Points falling on the mesangium were recorded separately for either cellular or matrix components. The fractional volume for each mesangial component was utilized to determine the calculated volume of the component in an average glomerulus (calculated volume of the component = fractional volume of the component x mean glomerular volume).
GBM width: The mean harmonic width of the GBM was measured as previously described [10] by utilizing the intercept method of Gundersen [16] . At least 100 intercepts were measured on each biopsy (mean, 144; range, 104-264).
Statistical Evaluation
Values are expressed as mean + SD. Probability was determined utilizing the two-sided Student's t-test, a value ofp < 0.05 being considered significant.
Results
Within 2 months following islet transplantation, body weights in uninephrectomized-diabetic, transplanted rats reached levels intermediate between those of uninephrectomized and of uninephrectomized-diabetic rats. Plasma glucose levels returned to and remained at normal levels by 10 days; whereas glucose values in untreated uninephrectomized-diabetic rats continued to be markedly elevated (Table 1) . Plasma insulin values rose in transplanted rats to levels intermediate between the low levels in untreated uninephrectomized-diabetic animals and the normal values in uninephrectomized rats (Table 1) .
IgG and C3 in the mesangia of uninephrectomizeddiabetic glomeruli exceeded control levels (Fig. 1) . Islet transplantation reduced the intensity of IgG nearly to that seen in the mesangium of control rats but had a lesser effect on mesangial C3 staining (Fig. 1) . Neither parameter returned to normal levels.
Islet transplantation did not alter the thickened GBM width of diabetic animals ( Table 1) . Mean glomerular volume in uninephrectomized-diabetic rats exceeded that in uninephrectomized animals. The same measure in transplanted rats was equal to that of uninephrectomized animals ( Table 1 ). The fractional volumes of the mesangium and of its matrix and cellular components were increased in uninephrectomized-diabetic compared with uninephrectomized glomeruli and remained increased and unchanged in uninephrectomized-diabetic, transplanfed glomeruli ( Table 2 ). The calculated volumes of the total mesangium and each of its components were also elevated in uninephrectomizeddiabetic, compared with uninephrectomized glomeruli. These same values in transplanted glomeruli were only slightly less than volumes in uninephrectomized-diabetic glomeruli and, with the exception of the mesangial matrix, exceeded those in uninephrectomized glomeruli (Table 3) . These parameters in uninephrectomized-diabet• transplanted glomeruli at 9 months remained unchanged from the same parameters measured in uni- Table 3 . Volume of the mesangium and its subsections at 2 months following islet transplantation in uninephrectomized and diabetic rats Representative electron micrograph of the mesangial region of the glomerulus from a uninephrectomized (control) rat at 9 months following uninephrectomy ( x 21000). The peripheral glomerular basement membrane (PGBM) has a normal homogeneous structure. The mesangial matrix (*) adjacent to the mesangial GBM (MGBM) is composed primarily of fine fibrils and granules. Small, ovoid membrane-lined structures containing fine granules (~) or filaments (~ ]') are scattered throughout the loosely organized paramesangial matrix and may represent extensions of mesangial cells. A narrow mesangial matrix channel (m), adjacent to the endothelium (ENDO) contains loosely organized matrix material. MC = mesangial cell cytoplasm, EPI = epithelial cell, L = lumen B A similar region from a uninephrectomized-diabetic rat, 9 months after nephrectomy and onset of diabetes ( x 30,000). The mesangial GBM (MGBM) and mesangial matrix (*) adjacent to the mesangial GBM have a similar appearance to that region shown in Figure 2 A, but the quantity of matrix has increased. The total mesangial area is enlarged due to an increase in the amount of both mesangial cytoplasm (MC) and mesangial matrix material (m). The mesangial cell cytoplasm consists of elongated processes and numerous small segments separated from one another by the expanded basement membrane-like mesangial matrix. EPI = epithelial cell, ENDO = endothelial cell, L = capillary lumen. nephrectomized-diabetic glomeruli at 7 months. The enlarged calculated volumes of the total mesangium in uninephrectomized-diabetic glomeruli reflected equal contributions of both cellular and matrix components, which nearly doubled values in uninephrectomized glomeruli ( Table 3) . The qualitative morphological changes in the mesangium of uninephrectomized, uninephrectomized-diabetic and uninephrectomized-diabetic, transplanted rats correlated with the quantitative morphometric findings. The typical mesangial region in glomeruli of uninephrectomized rats consisted of one or two mesangial cell nuclei and associated contiguous cytoplasm, separated by a few narrow bands of fibrillar matrix which rarely exceeded 100 nm in width and were similar in relative quantity and quality to the matrix material in normal rat glomeruli. In uninephrectomized rats there appeared to be an increase in the quantity of matrix material located beneath the mesangial GBM (Fig. 2 A) . In addition to an increase in width, the matrix in this area was less compact and more mottled than normal and contained numerous irregular small electron dense particles and fibrils of variable density. In favourable cross-sections, numerous fine granules (approximately 10 nm) were visible within ovoid bodies that likely represented crosssections of cytoplasmic extensions (Fig. 2 A) . Tangential sections suggested that the granules in the bodies were cross-sections of fibrils.
The mesangial cytoplasm of both uninephrectomized-diabetic and uninephrectomized-diabetic, transplanted rats was segmented into small irregular cytoplasmic masses by numerous interconnected broad bands of loosely packed, mottled matrix material (Fig. 2 B) . In addition, the widened and mottled matrix material beneath the mesangial GBM was similar to that described in uninephrectomized rats but was present in greater amounts in that location and throughout the mesangium of both diabetic and transplanted rats.
Discussion
The present studies extend our earlier light microscopic observations of the glomerulus in uninephrectomizeddiabetic rats [6] . Specifically, the increased mesangial volume in uninephrectomized-diabetic compared with diabetic glomeruli resulted primarily from expansion of the mesangial cell component (Table 4) . Although statistically not significant, an expanded mesangial matrix volume also contributed to the enlarged mesangial volume of uninephrectomized-diabetic rats. The mechanisms underlying the accelerated mesangial lesions remain unclear. Yet, as previously hypothesised [6] , these processes probably reflect alterations in glomerular haemodynamics consequent to uninephrectomy which augment the effects of the metabolic abnormalities of diabetes and the altered glomerular haemodynamics of the diabetic state. In comparing the present results with those previously found in intact rats [101 no influence of uninephrectomy on GBM thickness was observed in either diabetic or non-diabetic animals. However, the present studies in uninephrectomized-diabetic rats confirm the development of GBM thickening noted previously by us and by others in intact diabetic rats [10, 17] ( Table 4) .
The failure of pancreatic transplantation to affect substantially mesangial structure in uninephrectomizeddiabetic rats eludes easy explanation. A longer period of observation following islet transplantation in uninephrectomized-diabetic rats may demonstrate greater effects. Yet, within time periods identical to those of the present study, intact diabetic rats responded to amelioration of the diabetic state by a reduction both in mesangial matrix and cellular volumes (Table 4) . Since the matrix increase predominates as the structural change in mesangium of intact diabetic rats, the reversal of this abnormality becomes not surprisingly the major factor in the return of total mesangial volume to normal values fol-lowing pancreatic transplantation in those animals [8] . In the uninephrectomized-diabetic rat the increased cellular volume (Table 4 ) may reflect changes in mesangial cell structure or function which have progressed beyond reversibility by islet transplantation.
In 1966 Kimmelstiel [18] recognized that the increased mesangial volume observed early in diabetic nephropathy in man resulted primarily from an increase in the 'quantity of bars in the spongy mesangial matrix'. He stated that with progression the electron density of the bars increased and the fibrillar (granular) architecture became obscured. He concluded that 'the fundamental change in both nodular and diffuse glomerulosclerosis is the same, namely an increase of basement membrane-like material in the mesangium with secondary encroachment upon and thickening of the peripher: al basement membranes' [18] . Since thickening of the peripheral GBM and an increase in mesangial matrix were both present in diabetic patients of 1%-5 years duration, Osterby [19] considered as untenable the concept that mesangial hyperplasia causes peripheral GBM thickening. Nevertheless, it seems clear that functional and morphological abnormalities of the mesangium are important early and late [20] events in the pathogenesis of diabetic nephropathy in man.
Osterby [21] and Rasch [22] have emphasized the prominence of matrix material which accumulates beneath the mesangial GBM in both diabetic people and rats. Control of blood glucose to normal levels in the diabetic rat prevented these changes [22] . The mesangium can take up and process circulating macromolecules [23] . Lee and Vernier [24] have shown by an immuno-peroxidase technique that the sub-basement membrane region of the mesangial matrix was the predominant site of localization of injected aggregated human albumin in the glomeruli of mice. Further we have reported that those mesangial areas most thickened secondary to diabetes have the greatest disturbance in the removal of macromolecules localized therein [251. The present studies show that increased mesangial immunoglobulin and complement localization in uninephrectomized-diabetic rats was much less affected by islet transplantation than noted previously in intact diabetic rats [9] . One may hypothesise that the structural alterations of the mesangium in diabetes, accentuated by uninephrectomy, have led to functional changes which are relatively irreversible. Alternatively, the glomerular haemodynamic abnormalities resulting from uninephrectomy may cause persistent mesangial changes despite cure of the diabetic state. This alternative seems less likely since uninephrectomy per se produced no mesangial pathology in the time scale of the present studies.
The present experiments support the concept that the haemodynamic state of the glomerulus influences the rate at which diabetic glomerular lesions develop. They suggest that more advanced diabetic glomerulopathy in rats is resistant to reversal by successful islet transplantation. These studies, by demonstrating GBM thickening following islet transplantation, reinforce the dichotomy between albuminuria and this structural parameter [11] .
